INTRODUCTION
In the 4 th industrial revolution, it is noted that the contributions of information and communication Technology (ICT) and the telecommuniocaion industries play a huge role and hence resulting to a propserous economic and better life for the people across the globe with special influnce on developing countries economy [1] . With regular emerging technologies in the ICT and Telecommunication sectors, it was predicted that by 2018, the mobile telecommunication users will grow to over 6.085 billion mobile users which simply translte to 84% of the world population on the mobile platform. Bearing in mind the statistical estimation and expection by 2018, the growth in coverage and tele-density will demand more base stations to be planted across the globe with the telecommunication inclusion of rural areas. This will lead to increase in the current emitting statistics for mobile base station that pitched at 1% of the entire world's carbon footprint [2] . In the work by Feshke et al. [3] the estimated carbon emission by 2020 will triple the statistic given in 2007, that is the CO2E will be around 235 Mt by year of 2020.
The introduction of green technologies to power base stations have been extensively invetsigated by many researchers as presented in references [4,5 and 6] .
The demonstration of hybrid RE power system technology needs to be viable commercially with low risk. The designing of a hybrid PV-Wind-Fuel cell power system is the configuration adopted in this paper. Photovoltaic arrays and wind turbine are the two RE sources considered with a complement of fuel-cell. The implementation of the fuel cell technologies consists of process of hydrogen production and storage.
The utilization of solar radiation and wind data with respect to the chosen locations are used in modeling the system. With variations in weather conditions the lack of wind or solar energy sources occurs so the fuel cell serves as the back-up power source. The uniform provision of hydrogen gas will be ensured by using a reformer combined with an electrolyzer considered in the system. Production of hydrogen for a still fuel cell is done when a fixed voltage bus is supplied to direct power by the logic controller then the voltage bus supplies the Base Station(load), when there is excess power generated, then it is directed to the batteries storage first and after to the electrolyzer, that generate hydrogen for the still fuel cell.
The realization of this hybrid system, begins with the first step of optimization model of simulated RE sources using HOMER software. The reformer will not be used in the preliminary simulation because of constraints and limitation that may arise during the first provisional simulation. It must be noted that the only source for the production of hydrogen is the electrolyzer. The results of HOMER's simulation provide information about the economic benefits, optimal status of the best combination of the PV-Wind-Fuel cell. In the following sections are arranged as follows; the RE soursces are discussed in section II, section III provides information on the location and data collection for the project. Section IV gives an overview of the design of the hybrid system integrated with the GSM base staion, results are discussed and analysed in section V and conclusion drawn in section VI.
II Renewable Energy Sources Models

A. Wind Turbine (Wind to Energy Conversion Process)
The conversion of wind energy to electricity is achieved by wind turbine as presented in Figure 1 . The flowing of wind on the congigured wind turbine blades generate a mechanical energy to turn the shaft of the motor, hence produce electricity and the simple mathetical expression for thekinetic energy produced by the turbine is given by [7] :
where A is the transversed area by the winds and measure in meter square ( [8] The implementation of the systems simply convert the AC supply from the wind turbine through the AC bus and the AC/DC converter is further used to generate equivalent DC which is loaded on the DC bus.
B. Photovoltaic System Architecture
Actual AC power from a photovoltaic system can be obtained by the conversion of output DC power into the required AC power by an array of photovoltaic modules connected together and a DC/AC converter. The estimated output from the conversion of a single module can determined with the expression in equation (3) as presented:
where ac P is the actual AC power obatined, DC P is the standard test conditions rated DC power and  is the DC/AC convereter conversion efficiency. The energy produced from the PV systems is given in equation (5) as [9] : C. Fuel Cell design and configuration The conversion of chemical energy to electrical energy is achieved by using fuel cell systems. This is done by converting hydrogen into electrical energy . The efficiency of the conversion of the chemical energy through the hydrogen conversion into electricty is around 60% as when comapred with the thermal power plant which has a record of maximum efficiency of 40%. The incoportaed fuel cell is included to provide a back up when wind and PV failed.
The chemisry of the operation of fuel cell is base on oxidation processes. In proton Exchange Membrane while the fuel cell is operating at 25°C and with a 50 2 / cm mA current density, providing a terminal voltage of 0.92 V, assuming 95% of the H2 is consumed at the anode electrode, with the efficiency at 60%.
In this hybrid system, the fuel cell will be operating as back-up when the two renewable energy sources do not supply the required power and when the batteries storage is discharged to a level that can't supply enough power to the load. The general efficiency of power generated by the fuel cell can be estimated is expressed by equation (6) [11] :
Where t  is the thermal efficiency, e  is the electrical efficiency and r  is the reaction efficiency. A process of decomposition of water into its elementary components is done by the passing electric current through it. With the utilization of Faraday's law, estimation of an electrolyzer's hydrogen production can be determined using the expression in equation (7) : 
A. Location of interest
The abundant of natural energy sources in the Southern Africa located at latitude and longitude 25.0 degree East and 30.00 degree South respectively [12, 13] . Since the amount of sun, radiance and wind speed are location based, the site of interest for this work is Durban (29.87S, 31.00E) in KwaZulu-Natal province. For the best accuracy, groundbased solar radiometric data with the high-resolution available from stations located across South Africa under the custodian of Southern African Universities Radiometric Networks (SAURAN) [14] . Figure 3 presents the wind speed, clearnes index and solar irradiance. The clearness index is a parmeter used to measure the degree of clearness of the atmosphere which is defined as the ratio of surface radiation to the extraterrestrial radiation. It is a deimesionless quantity and range between o to 1. The clearness index has a high value under clear, sunny conditions, and a low value under cloudy conditions.
B. Characterisation of the chosen site
In the case of the chosen site, the maximum wind speed, clearness index, and solar irradiance are 4. 
IV DESIGN OF HYBRID SYSTEMS WITH BASE STATION
A. Systems configuration
The AC and DC buses are linked together by a converter and the photovoltaic along with the battery modules are connected to the DC bus, while the turbine system is connected to the AC bus directly supplying power to the load. Parallel modelling of the hybrid system was utilized as this configuration allows for a bi-directional synchronous power flow between the renewable energy sources and the battery bank, this configuration produces great efficiency by eliminating risk of minimum power supply breaks [15] . In the instance when the BTS demand is less than energy production that of the solar and wind, the excess electricity supply is stored into the battery storage bank while the excess energy generated after been stored in the battery bank is utilized to cover the deficit when the load demands more energy than what the hybrid energy system generates at that moment [15] . Table 1 presents the cost of the equipment and other resourses used to implement the configurtaion in Figure  4 . 
B. Systems simulation
The HOMER Ssoftware is utilised to simulate the system configuration shown in Figure 4 . The average power demand of a base station (BTS) is approximately 117 kWh/day is considered in this work. In this study, peak demands of almost 7.5 kW for the load are modeled with a load factor of 0.65; i.e., In Oder to get the load factor we look at the total electricity (KWh) consumed in a day then divide it by the peak power demand (KW), then we divide it by the number of days in the billing cycle, which is then divided by 24 hours in a day. Figure 5 presents load profile for a GSM base station and this is used to simulate the system configuration presented in Figure 4 . 
C. Systems Cost
The capital cost, replacement cost and O&M of the configured systems is presented in Table 2 . The main components introduced are solar panel, inverter, AGM battery, fuel cell, electrolyzer and hydrogen tank. 
A. Total electricity production
The annual electricity produced by the three energy sources as presented in Figure 6 , PV, Wind turbine and fuel cell summed up to 103488 kWh/year where the PV contributes 66%, followed by wind turbine with 33% and least is fuel cell with 1%. 
B. Economic Analysis
In this work, a lifetime of 20 years is adopted for the project. The annual cost is calculated by multiplying the initail cost by the capital recovery cos factor(CRF), hence the expression in equation (8) [16] :
where: r i = interest rate annually ny = component life time.
In the case of the electrolyzer and the Fuel Cell, replacement of stacks will be available and after certain span of time there would be replacement of some of the batteries. However, PV and wind can work for the whole lifespan of the project. In this instance, the fuel cell, electrolyzer, battery annual capital cost can be calculated through the formula: Below is the cost breakdown of the hybrid system result obtained through HOMER Simulation for our selected load center of 117 kwh/day. For this analysis the levelized cost of energy is uneconomical estimated to be 14.8096 R/kWh when compared to the current average electricity charge of 0.074 R/kWh. For the electrolyzer/Fuel cell system the cost of energy is calculated as 2.102 R/KWh and for the battery storage system 0.00385 R/kWh [3] . Environmental benefits of the proposed hybrid generation system are considered it generation system are clear by the emissions results this cost will be far less reduce the harm to the environment.
VI CONCLUSION
From the results obtained through HOMER optimization simulation it's clear that this system can be considered for implementation. There is a capacity shortage of 5578 kWh annually with an excess load of only 42,306 kWh per year. The solar power is the major power production out of the 100% production taking 66% while wind turbine has an annual estimate of 33% respectively. The fuel cell produces only 1% in the system, it is meant only for back-up power because only a 5kW fuel cell was considered for the system. It's clear that the system is environmental friendly when looking at the annual emission results we got from HOMER software. Detailed economic analysis in future is required for practical implementation as the consideration of equipment's was done optimistically for the GSM Base Station.
